Eighty-three confirmed cases of neurocysticercosis diagnosed as per modified delBrutto criteria were enrolled in the study (Group-I) to observe cognitive and behavioural changes. Controls consisted of two groups: children with idiopathic generalized tonic-clonic seizure (Group-II) and normal children with non-specific cough (Group-III). Cases and controls were subjected to cognitive and behaviour assessment. There was significant difference in the intelligence quotient (IQ) of cases in domains of visual perception, immediate recall, analysis synthesis and reasoning, verbal ability, memory and spatial ability. In the age group of 6-18 years, cases had significantly more behaviour problems than control without seizure, in domains of anxious depressed, withdrawn depressed, somatic problems, social problems and rule-breaking behaviour. Neurocysticercosis causes decline in cognitive function and behaviours in older children, which should be recognized early for appropriate management and to avoid undue parental anxiety.
Introduction
Neurocysticercosis is the most common parasitic disease of the central nervous system (CNS). It is caused by infestation of CNS with encysted larvae of Taenia solium, which is endemic in south-east Asia, including India [1] . Cysticercosis is a biological marker of social and economic development of a community [2] . It is an important cause of global neurological morbidity and mortality, which was previously underestimated. Neurocysticercosis has varied clinical manifestations, and the most common are seizure followed by headache, focal neurological deficit and signs of raised intracranial pressure. Singhi et al. [3] in their study on 500 children with neurocysticercosis reported seizures in 94.8% of cases, of which 83.7% had partial seizures.
Epilepsy is the most common chronic neurological illness in children and may lead to increased risk of psychopathy. Neurocysticercosis is an important cause of seizure in India. About one-third of children with epilepsy suffer from behavioural problems such as hyperactivity, depression and low self-esteem. Inattention was reported more often than hyperactivity and impulsivity [4] . The lack of self-respect, poor attention span, academic failure, family disregard and social issues have also been reported [5] . Behavioural and cognitive problems are also influenced by age of onset, severity and duration of seizure, seizure type, antiepileptic drug use and psychosocial support. A less recognized, but of great importance, feature is its effect on cognitive function of the brain. Forlenza et al. [6] reviewed 38 adult cases of neurocysticercosis and reported psychiatric illness and cognitive decline in 65.8 and 87.5% of cases, respectively. Many adults with neurocysticercosis present with psychiatric manifestations or organic mental disorders ranging from poor performance on neuropsychological testing to dementia [7] . We performed a prospective cross-sectional study in children with neurocysticercosis to evaluate the effect on cognitive and behaviour dysfunction, which had not been done till date.
Methods
The present study included newly diagnosed children having neurocysticercosis with seizure aged 3-18 years attending paediatric outpatient department and ward of Sir Sunderlal Hospital, Institute of Medical Sciences, Banaras Hindu University, Varanasi, from January 2012 to June 2013. The study was approved by the institute's ethics committee. The study comprised three groups:
Group-I: Children with definitive diagnosis of neurocysticercosis as per Modified del Brutto Criteria 2001 [8] . Group-II: Children with idiopathic generalized tonic-clonic seizure. Group-III: Age-and sex-matched healthy children presented in outpatient department for nonspecific cough.
Children with other coexisting confounding illness like febrile seizure, structural malformations of the brain, degenerative brain disease, metabolic disease and cerebral palsy were excluded from the study. A detailed history, clinical examination and relevant investigations were done on each patient.
Cognitive assessment
After obtaining consent from parent or legal guardian, children in all three groups were individually subjected to intelligence testing based on the BinetKulshreshtha test [9] , which is a standard Indian adaptation of the Stanford Binet intelligence scale. This test provides scores in various domains of cognition according to age of the child. In the age group of 2-5 years, the domains analysed were visual perception, motor-eye coordination, language development, immediate recall, concept formation and reasoning, while in the age group of 6-18 years, domains analysed were analysis, synthesis and reasoning; verbal ability; memory; spatial ability and orientation.
Behaviour assessment
Children of all groups were also subjected to Achenbach's Behavior Child Checklist (CBCL), which is a questionnaire designed for parents to complete. It provides an age-and sex-standardized assessment of a child's behaviour. Mother's and school teacher's description of child's behaviour was obtained on a standardized format. It is available in two versions: first, 18 months to 5 years, consisting of 100 questions, and second, for 6-18 years, consisting of 120 questions. Caregivers, usually parents as well as school teachers, are asked a set of questions.
Responses are recorded on a Likert scale: 0 ¼ not true, 1 ¼ somewhat or sometimes true and 2 ¼ very true or often true. CBCL provides a total behaviour problem score and two second-order factor scores, i.e. internalizing problems and externalizing problems. It also provides scores for different syndrome such as emotional reactivity, anxious/depressed, somatic problems, withdrawn, sleep problems, inattention and aggressive behaviour problems in the 2-5-year age group. In the 6-14-year age group, it provides scores for anxious, withdrawn, somatic complaints, social problems, thought problems, inattention, rule-breaking and aggressive behaviour problems.
Treatment of cases
The cases were treated with prednisolone (1 mg/kg/ day for 7 days) and albendazole (15 mg/kg/day in two divided doses after 48 h of prednisolone for 7 days). Anti-epileptic drug in cases and controls was given as per the standard protocol of hospital. Three-monthly follow-up of all children was done. Computed tomographic (CT) scan, cognitive assessment and behaviour assessment with the same test were repeated at 1 year of treatment.
Statistical analysis
The data recorded in standard proforma were analysed using SPSS version 16 software. Student t-test, one-way analysis of variance and post hoc test were used for data that followed Gaussian distribution to find out the significance. Mann-Whitney and Kruskal-Wallis tests were used in data that did not follow Gaussian distribution. The P-value 0.05 was considered as significant.
Results
Eighty-three cases (Group-I) successfully completed the study. Twenty-three children with idiopathic generalized tonic-clonic seizure (Group-II) and 93 healthy children (Group-III) were included in the study as controls. Of 83 cases, 51 (61.4%) were male, whereas in 23 controls with seizure, 13 (56.5%) were male. In controls without seizure (Group-III), 59 (63.4%) were male. The maximum numbers of children studied were in the 6-12-year age group. Children with neurocysticercosis presented with various types of seizure; 41 (51.8%) had generalized tonic-clonic seizure, followed by complex partial seizure (24.1%), simple partial seizure (15.8%) and tonic seizure (8.4%). Inflammatory granuloma (96.38%) was the most common finding in CT scan of patients at presentation, but 2.4% had healing granuloma, whereas 1.2% had conglomerate inflammatory granuloma. Eleven children (13.3%) had multiple granuloma with bilateral involvement of cerebral cortex. Parietal region was the most common site of involvement and was found in 52 (62.7%) patients (Table 1) . CT brain repeated at 1 year showed normal scan in 68 patients (81.9%) and calcified lesion in 15 (18.1%).significant difference in total IQ scores of cases and controls, but domain-wise analysis of IQ revealed that children with neurocysticercosis lagged behind controls in domains of concept formation; analysis, synthesis and reasoning; verbal ability; memory and spatial ability. Children with neurocysticercosis had significantly decreased IQ as compared with children without seizure in domains of visual perception; immediate recall; analysis, synthesis and reasoning; verbal ability; memory and spatial ability ( Table 2) .
There was no significant difference in the behaviour of children with neurocysticercosis and control without seizure in the age group of 3-5 years. T-score of attention and aggressive problems in children with idiopathic seizure was observed significantly higher than patients of neurocysticercosis and children without seizure (Table 3 ). In the 6-18-year group, children with neurocysticercosis had significantly more behaviour problems in domains of anxious depressed, withdrawn depressed, somatic problems, social problems and rule-breaking behaviour than control without seizure. Children (6-18 years) with idiopathic seizure had even more behaviour problems than children with neurocysticercosis and children without seizure, except in the domain of rule-breaking behaviour, in which neurocysticercosis children paralleled the children with seizure ( Table 4) .
The calcified lesion in cranial tomograph was found in 18.1% of cases at 1 year. There was no significant difference in IQ, except in the domain of concept formation, in which cases with persisting calcification lagged behind. Behavioural problems were observed significantly higher in children with persisting calcified granuloma in cranial tomograph in domains of anxious depressed, somatic complaints, rule-breaking and aggressive behaviour as compared with children with normal imaging study.
Discussion
This study has made an attempt to quantify the degree of cognitive involvement in neurocysticercosis. The awareness about the impact on cognition and its early recognition is important in growing children, as it can be a cause of anxiety to the parents. Very few studies are available that have focussed on the cognitive aspect of the disease. Loo and Braude [10] studied 23 patients and found 56% adults with psychiatric symptom at presentation, while abnormal mental status examination results were a presenting sign in 43%. Scharf [11] reviewed 238 adult cases of neurocysticercosis at some point during the course of illness, and reported altered mental status in 33%. Only 2% presented with dementia and 3% with psychosis [11] . Sotelo et al. [12] in their study on 753 cases of neurocysticercosis reported intellectual deterioration in 15.8%, while Forlenza et al. [6] reported psychiatric illness and cognitive decline in 65.8% and 87.5% of cases, respectively. Among psychiatric illness, depressive disorders and psychosis were seen in 52.6% and 14.2% of cases, respectively. The progression of disease and intracranial hypertension correlated with higher levels of psychiatric co-morbidity. Previous episodes of depression correlated with recurrence of depression in active disease. Andrade et al. [13] in a cross-sectional controlled study reported dementia in 5 (12.5%) of 40 adult patients with neurocysticercosis and attributed this to a synergistic interaction of cysticercus lesions and local inflammation.
Diagana et al. [14] studied cognitive impairment using mini-mental state tests in an Ecuadorian urban Andean community known to be an endemic Another factor would be probably release of some cytokines in perilesional neural tissues, which affected cognition and behaviour more in cases. This study has succeeded in raising concerns on the cognitive impact of the disease. Further studies need to be done using a larger sample size in this direction for early detection and intervention of cognitive and behavioural changes associated with neurocysticercosis. 
